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Summary
Pro{ek is a traditional dessert wine from the coastal region of Croatia made from
partially dried grapes. There is very little literature data about the chemical composition
and sensory properties of Pro{ek, so an experimental production from the dried grapes of
Plavac mali cultivar has been done using native and induced alcoholic fermentations. To
determine the volatile compounds, gas chromatography with flame ionisation detector
(GC/FID) was used on the samples prepared with solid phase microextraction (SPME).
Higher alcohols, esters, carbonyl compounds and volatile acids were determined in the
wine samples. Wines were grouped according to the production method using principal
component analysis (PCA). It was found that Pro{ek wines produced with native and
induced alcoholic fermentation differ in their volatile compounds. Descriptive sensory anal-
ysis was applied to show the sensory properties of Pro{ek wine, whose characteristic aro-
mas include those of dried fruit (raisins), red berries, honey, chocolate and vanilla. A signi-
ficant difference depending on the type of fermentation was determined in two sensory
attributes, strawberry jam aroma and fullness.
Key words: Pro{ek, dessert wine, fermentation, volatile compounds, descriptive sensory
analysis
Introduction
Dessert wines belong to a special category of high
quality wines that are made from dried grapes, and their
sensory properties differ from those of the wines made
from fresh grapes. The production of dessert wines made
from the over-ripe grapes is known in some European
regions (Germany, France, Hungary and Greece) with spe-
cific climatic conditions (1–3). In some Mediterranean
countries (Italy, Spain and Greece) dessert wines of simi-
lar type are produced from the grapes dried in the sun
(4,5).
In the coastal region of Croatia, especially in Dal-
matia, dessert wine Pro{ek has been known for centu-
ries (6). Older literature data note the good potential of
Plavac mali variety for drying and production of Pro{ek
(7). Plavac mali is the most widespread and economical-
ly most important autochthonous variety for production
of high quality wines in Dalmatia. However, in spite of
the specific quality and significance of Pro{ek wine as a
traditional product of Dalmatia, the literature indicators
of its characteristics are pretty scarce. Pro{ek is produced
by alcoholic fermentation of the dried grape pomace or
the pomace of the grapes ripening on the vine for a
longer time. In the process of drying, the sugar content
is concentrated, which causes the change in the pH and
total acidity, and it also modifies the content of the must
(8). Alcoholic fermentation occurs under high sugar con-
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centration, and that influences the quality of the wine,
which is why the analysis of the composition of fermen-
tation components is of importance in the production of
sweet wines.
Aroma is one of the most important quality factors
in defining the characteristics of a product. Wine aroma
is constituted of several hundreds of components derived
from grapes; they are formed by biochemical reactions
during alcoholic fermentation and by chemical and en-
zymatic reactions during maturation (9). During macer-
ation, the processes of hydrolysis and oxidation liberate
aromatic components from the grape skin (terpenes, C13
norisoprenoids), while volatile metabolites (higher alco-
hols, esters, carbonyl compounds, sulphur compounds,
and volatile fatty acids) are synthesised by the activity
of yeasts (10,11). Different research studies have shown
that Saccharomyces cerevisiae wine yeasts significantly in-
fluence the composition of the wine aroma volatile com-
ponents (12–14). In addition, stuck or sluggish fermen-
tation often occurs during the production of sweet wines
as a consequence of high osmotic conditions in the yeast
cells and a rapid loss of intercellular water followed by
cytoskeleton collapse, intracellular damage and subse-
quent arrest of yeast growth. Therefore, in high sugar
musts osmotolerant yeasts are commonly used (15).
However, apart from the activity of yeasts, the com-
position of the must, grape variety, temperature and vini-
fication also influence the production of volatile aroma
components (11,16). While in the modern oenology alco-
holic fermentation is done by inoculating the grape juice
with selected yeasts, native alcoholic fermentation is still
predominant in the traditional wine production (17). Va-
rela et al. (18) reported about increased concentration of
some higher alcohols and esters in wines produced with
native alcoholic fermentation compared to the wines made
with inoculated fermentation. Results about the impact
that authochthonous yeasts have on the sensory proper-
ties of wines are very different, while some studies show
positive, others show their negative influence on the
chemical composition and sensory properties (19,20).
Descriptive sensory analysis that was applied to charac-
terise the wines (21–25) is one of the standard techniques
used in the control of wine quality.
The aim of this research is to identify and quantify
the fermentative aroma components of Pro{ek produced
from Plavac mali cv. using GC/FID analyses, and to de-
fine descriptive sensory characteristics of the wines ob-
tained using three different types of alcoholic fermen-
tations (inoculation with two commercial yeasts and a
native fermentation).
Materials and Methods
Grapes and drying process
In 2007 harvest, 360 kg of Plavac mali grapes at tech-
nological ripeness were gathered from the Pelje{ac wine-
growing region, Croatia. The sugar concentration was
210 g/L, total acidity was 4.8 g/L and pH was 3.2. The
grapes were dried in a greenhouse for 14 days (3–17 Oc-
tober). Daily temperature in the greenhouse was between
35 and 45 °C. A mass of 138 kg of dried grapes was
obtained. After drying, the grapes contained 450 g/L of
reducing sugars, total acidity was 6.6 g/L and pH was
3.58.
Vinification
Dried grapes were crushed and destemmed, after
which Endozyme cultivar (30 g/100 kg) and potassium
metabisulphite (15 g/hL) were added to the pomace. The
pomace was divided into 6 equal parts and put into inox
containers. Three different alcoholic fermentations were
done, each in duplicate. Two of the fermentations were
done using comercial yeasts (Lalvin EC-1118, Saccharo-
myces cerevisiae var. bayanus, 40 g/hL, Danstar Ferment
AG, Zug, Switzerland; and Fermol Cryoaromae, Saccha-
romyces cerevisiae var. uvarum, 30 g/hL, AEB S.p.A., Brescia,
Italy) prepared according to the manufacturer's instruc-
tions. The third fermentation was done with native yeasts
or native microflora. On the second day of fermentation,
yeast nutrient Fermaid E® (30 g/hL; Lallemand Inc, Mont-
real, Quebec, Canada) was added to the pomace. Macer-
ation took 5 days and the pomace was punched down
twice daily, after which it was pressed on the hydraulic
press (pressure<2 bar). The must was put in 10-litre glass
vials, where the alcoholic fermentation continued. The
fermentation was controlled by measuring the tempera-
ture and determining the reducing sugars. Temperature
during fermentation was between 22 and 24 °C. The first
racking was done 29 days, and the second 184 days (6
months) after the beginning of fermentation. After the
second racking, Pro{ek was bottled. Descriptive sensory
analysis was done in June of the following year.
Headspace-solid phase microextraction (HS-SPME)
The SPME device used was a Supelco (Bellefonte,
PA, USA) manual SPME holder 57330-U. Fused silica fibre
coated with Carbowax-divinylbenzene, 65 mm film thick-
ness (Supelco), was used for extraction and concentration
of volatile compounds. The fibre was preconditioned at
250 °C for 1 h in the inlet of the GC prior to sampling,
according to the manufacturer's instructions. The sample
of wine (10 mL) was placed in a 20-mL vial containing
internal standard n-amyl alcohol (180 ppm, by volume)
and NaCl p.a. (3 g), and sealed with aluminium cover
and Teflon-lined septum. HS-SPME was carried out under
magnetic stirring. The SPME fibre was exposed to wine
headspace at 25 °C for 15 min and immediately trans-
ferred to the GC injection port at 200 °C for 3 min in
splitless mode. A liner with 0.75 mm i.d. (Varian Inc.,
Santa Clara, CA, USA) was used.
Gas cromatography
A Varian 3300 gas chromatograph equipped with a
flame ionisation detector (FID) was used for GC anal-
ysis. Compounds were separated on a DB 624 column
(30 m´0.32 mm, 1.8 mm i.d.; J&W Scientific, Folsom, CA,
USA). Conditions of chromatographic analysis were in
agreement with the method by Kova~evi}-Gani} et al.
(26). Individual volatile compounds were identified by
comparing their retention times with those of authentic
standards. Quantitative determinations were performed
using standard curves. All analyses were repeated three
times, and the results were expressed as mean values in
milligrams per litre of wine±standard deviation.
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Descriptive sensory analysis
Descriptive analysis was used to evaluate the senso-
ry characteristics of Pro{ek. It was done by the panel of
10 professionals (wine makers who are expert in the anal-
ysis of traditional Pro{ek wine), 6 female and 4 male.
The evaluations were done at the Institute for Adriatic
Crops and Karst Reclamation in Split, Croatia, where
standard conditions for sensory evaluation were kept.
Wine samples (25 mL) were served in standard wine
tasting glasses coded with random 3-digit numbers at a
temperature between 15 and 17 °C.
Preliminary sensory evaluation of Pro{ek aroma was
done on 6 wine samples (3 different yeasts´2 repetitions)
in order to select the sensory characteristics and to ob-
tain a list of descriptive attributes of Pro{ek aroma. The
attributes that were recognised by at least 50 % of the
judges were put on the list. During evaluation, the judges
had reference solutions of 54 wine aromas included in
the Le Nez du Vin Master kit (Brizard and Co, York,
UK).
In the second part of the evaluation, the judges were
asked to evaluate with a number from 0 to 9 the inten-
sity of the attribute from the descriptive list of Pro{ek.
After that, sensory descriptors of wine such as fullness,
acidity, sweetness, bitterness and astringency were also
evaluated with a number from 0 to 9. In this part of the
evaluation, each judge evaluated 6 samples of Pro{ek wine
(3 different yeasts´2 repetitions).
Evaluations were done on the same day, with a break
in between them. The panel supervisor did not take part
in the evaluations.
Basic analytical parameters
Basic parameters of must and wine were deter-
mined according to the official methods of the European
Union (27). The results are shown as the mean value of
three determinations±standard deviation.
Statistical analysis
Statistically significant difference of the arithmetic
means of volatile compounds and sensory characteristics
between the wines produced with native and induced
alcoholic fermentations was determined by the analysis
of variance (ANOVA) and least significant difference
(LSD) test.
Principal component analysis (PCA) was used to
reduce the number of variables to latent dimensions in
order to determine the connection between the volatile
compounds and the wines produced with different yeasts.
Statistical analysis was done using Statistica v. 8.0 soft-
ware (28).
Results and Discussion
In the process of drying grapes, a concentrated must
was obtained as a result of the loss of water in the
grapes. The increase of pH from 3.2 to 3.58 in dried
grapes is highly significant. The relative activity of mi-
croorganisms is much higher in the must with pH above
3.5 (9). However, the role of pH in the must also affected
chemical and sensory quality of wine (29). This proce-
dure of concentrating the must was done by Franco et al.
(4) in the production of sweet wines, who dried the grapes
off-vine directly exposed to the sun. Basic chemical para-
meters of Pro{ek wine obtained with native and induced
(using Cryoaromae and EC-1118) alcoholic fermentations
of partially dried grapes are shown in Table 1.
Table 2 (30–35) shows volatile compounds identified
in Pro{ek during three different types of alcoholic fer-
mentations. Fermentation kinetics in all three types was
very similar (data not shown). In all three types of Pro-
{ek, the following components were identified: acetalde-
hyde, 1-propanol, i-butanol, 1-hexanol, 2-phenylethanol,
isoamyl alcohol, ethyl acetate, ethyl lactate, isoamyl ace-
tate, 2-phenylethyl acetate, ethyl hexanoate, ethyl octa-
noate, ethyl decanoate and acetic acid.
Quantitatively the largest group of volatile compo-
nents in all types of fermentations comprised higher al-
cohols, which is in agreement with the data for sweet
wines (2,5). Concentration of higher alcohols in Pro{ek
is higher than that in sweet Madeira wine, which is pro-
duced by the addition of natural grape spirit to the partly
fermented wine (30). In addition, comparing the ratio and
concentration of some individual higher alcohols in Pro-
{ek, it can be observed that it is different than in other
sweet wines. In Pro{ek, the concentration of n-propanol
is higher than the concentration of i-butanol, while the
opposite ratio was reported in Malvasia delle Lipari (5).
Also, the concentration of n-propanol is higher in Pro{ek
than in sweet and ice wine (5,31). Higher alcohols, to-
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Table 1. Basic chemical composition of dessert wine Pro{ek made with native and inoculated (using Cryoaromae and EC-1118) alco-
holic fermentations
Native yeast EC-1118 Cryoaromae
j(alcohol)/% (13.71±0.44)a (14.29±0.12)a (13.36±1.19)a
g(total extract)/(g/L) (259.5±6.7)a (254.2±3.11)a (261.25±5.3)a
g(reducing sugars)/(g/L) (214.2±6.8)a (205.2±2.6)a (206.6±5.3)a
g(total acidity)/(g/L) (6.81±0.02)a (7.73±0.11)b (7.90±0.04)b
g(volatile acidity)/(g/L) (1.47±0.11)b (1.57±0.03)b (1.87±0.01)a
g(citric acid)/(g/L) (0.084±0.01)a (0.077±0.01)a (0.077±0.01)a
pH (3.78±0.01)a (3.76±0.01)a (3.74±0.02)a
m(ash)/(g/L) (3.79±0.05)a (3.80±0.03)a (3.92±0.16)a
a,bvalues indicated with different letters show statistically significant difference, p<0.05
gether with acetaldehyde, ethyl acetate and acetic acid,
make almost half of the volatile compounds of wine, and
are considered major fermentation products (16). Total
concentration of higher alcohols was between 225.12 and
262.52 mg/L, which is within the limits that have a po-
sitive influence on the aroma. Namely, it is well known
that higher alcohols are an important factor of wine aro-
ma, but if they are in the concentrations above 350 mg/L,
they have a negative effect (36). Among higher alcohols
in Pro{ek, the highest concentration is that of isoamyl
alcohol (122.12–142.13 mg/L), then follow 1-propanol
(43.04–76.92 mg/L) and isobutanol (26.15–30.75 mg/L).
Aromatic alcohol 2-phenylethanol is considered im-
portant in the sensory aroma of wine. The content of
2-phenylethanol in Pro{ek was between 11.52 and 24.04
mg/L. Genovese et al. (2) determined that during drying
of grapes, the concentration of 2-phenylethanol decreas-
es. However, Pro{ek has higher concentration of 2-phe-
nylethanol than reported in the literature for some other
sweet wines (2,30), but lower than in Malvasia delle Li-
pari wine (5). 2-Phenylethanol brings out the odour of
rose and honey in sweet wines.
Ethyl acetate, isoamyl acetate and 2-phenylethyl ace-
tate are acetate esters that were identified and quantified
in the samples of Pro{ek. The subtotal concentration of
acetate esters in Pro{ek was 81.04–88.65 mg/L, among
which ethyl acetate is the most prevalent ester. A small
quantity of ethyl acetate is formed by the yeast during
fermentation, but larger amounts result from the activity
of aerobic acetic acid bacteria. Concentration of ethyl
acetate contributes significantly to the volatile character
of 'acetic nose' and levels of 150 to 200 mg/L impart
spoilage character to wine. On the contrary, at very low
concentrations (50–80 mg/L), ethyl acetate has a pleasant
odour, which contributes to the olfactory complexity and
has a significant influence on the quality of wine (9,17).
Isoamyl acetate has an odour reminiscent of a banana.
Van der Merwe and van Wyk (37) showed that isoamyl
acetate is the compound that contributes most to the
wine aroma and also positively influences the general
quality of wine. Isoamyl acetate and ethyl hexanoate
play a major role in the aroma of young white wines.
Sample wines of Pro{ek showed that 2-phenylethyl ace-
tate has the lowest concentration among the acetate es-
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Table 2. Composition and mass concentration of volatile components of dessert wine Pro{ek made with native alcoholic fermenta-
tion and the fermentations with Cryoaromae and EC-1118 yeasts
Compound
Aroma
descriptor
g(native yeast)
mg/L
g(Cryoaromae)
mg/L
g(EC-1118)
mg/L
Odour
threshold
mg/L
Odour activity value
Native
yeast
Cryo-
aromae
EC-1118
acetaldehyde fruity, green
apple, oxidized (120.87±1.29)
a (132.20±2.05)a (135.70±0.70)a 110 1.1 1.2 1.2
Alcohols
1-propanol floral, fruity,
candy, sweet
(43.04±1.99)b (70.28±8.90)a (76.92±6.19)a 306 0.1 0.23 0.3
i-butanol nail polish (28.92±2.34)a (31.06±2.83)a (26.15±0.92)a 75 0.4 0.41 0.3
i-amyl alcohol squashed bug (128.54±12.77)a (122.12±7.76)a (142.13±1.36)a 30 4.3 4.07 4.7
1-hexanol green/grass (0.59±0.01)a (0.05±0.01)a (0.55±0.01)a 1.1 0.5 0.05 0.5
2-phenylethanol honey, rose,
spice, lilac
(24.04±5.95)a (11.52±0.42)b (16.78±2.57)b 14 1.7 0.8 1.2
The sum of alcohols 225.12±19.08 235.03±19.93 262.52±11.06
Esters
ethyl acetate fruity,
nail polish
(80.73±2.17)b (76.05±6.85)b (88.30±2.44)a 12 6.7 6.3 7.4
i-amyl acetate banana (0.27±0.04)a (0.17±0.10)a (0.32±0.05)a 0.03 9.0 5.7 10.7
2-phenylethyl acetate rose, honey,
tobacco
(0.05±0.01)a (0.02±0.00)a (0.03±0.01)a 1.8 0.03 0.01 0.02
The sum of acetates 81.04±2.13 76.24±6.75 88.65±2.50
ethyl lactate lactic, raspberry (18.84±1.03)a (20.55±1.48)a (22.20±3.81)a 150 0.1 0.1 0.1
ethyl hexanoate apple, banana,
violet
(0.05±0.00)a (0.066±0.01)a (0.05±0.01)a 0.014 3.6 4.7 3.6
ethyl octanoate pineapple,
pear, floral
(0.05±0.00)a (0.02±0.01)b (0.04±0.03)a 0.005 10.0 4.0 8.0
ethyl decanoate sweet, fruity,
dry fruits
(0.08±0.02)a (0.02±0.00)b (0.02±0.01)b – – – –
The sum of esters 100.05±3.13 96.87±8.24 110.94±6.36
acetic acid vinegar (1091±41.04)b (1126±40.65)b (1376±19.80)a – – – –
aroma descriptor and odour threshold reported in the literature (30–35)
odour activity value was calculated by dividing the concentration by odour threshold of the compound
a,bvalues indicated with different letters show statistically significant difference, p<0.05
ters of higher alcohols (0.03–0.05 mg/L). This compound
has pleasant rose and honey flavour nuances and con-
tributes to the aromatic complexity of wine (9).
Among ethyl esters of straight-chain saturated fatty
acids, the ones that were identified were ethyl hexano-
ate, ethyl octanoate and ethyl decanoate. The concentra-
tion of these esters in wine is far above their sensory
threshold, which is ten times lower, therefore these com-
pounds are very important for the aroma of the wine.
Ethyl hexanoate (odour threshold 0.014 mg/L, determined
in synthetic wine consisting of 11 % (by volume) of etha-
nol, 7 g/L of glycerine, 5 g/L of tartaric acid, pH=3.4)
has an odour reminiscent of apples and violets, ethyl oc-
tanoate (odour threshold 0.005 mg/L determined in syn-
thetic wine consisting of 11 % (by volume) of ethanol, 7
g/L of glycerine, 5 g/L of tartaric acid, pH=3.4) of pine-
apple and pear, and ethyl decanoate has a floral odour
(32,33). The most represented ethyl ester of straight-
-chain fatty acids in the samples is ethyl decanoate.
Ethyl lactate is the second most abundant ester in
Pro{ek. Its formation in wine is linked to malolactic fer-
mentation (9). Taking into account odour threshold of ethyl
lactate (14 mg/L) and the determined concentration in
the samples of Pro{ek, it can be considered that this
compound influences fruity flavours of this dessert wine
(32). Concentration of the most abundant esters in Pro-
{ek, ethyl acetate and ethyl lactate, is higher than the
levels of these esters in sweet wines (2,5,30). Also, the
concentration of ethyl lactate is higher than in ice wine
(31). Favourable concentration of malic acid in must (1.3
g/L) and pH value (3.58) for spontaneous malolactic ferm-
entation might be the reason for relatively high concen-
tration of ethyl lactate in Pro{ek wine.
Among carbonyl compounds that influence the aro-
ma, high concentration of acetaldehydes (120.9–135.7 mg/L)
was observed in all samples of Pro{ek. This is partly
due to the experimental production of small amounts of
the wine, and to greater influence of oxygen, as acet-
aldehyde is a product of the oxidation of ethanol in the
mechanism of alcoholic fermentation by the activity of
enzyme dehydrogenase and in the presence of NAD+.
Taking into consideration the acetaldehyde threshold of
120 mg/L, it can be considered that the ratio of acet-
aldehyde in Pro{ek influences its sensory properties. High
concentration of acetaldehydes gives a pungent char-
acter, typical for sherry wines, and directly contributes
to the aroma with the smell of freshly cut apple, which
was confirmed by Moreno et al. (38), who showed that
with biological ageing of these wines, the concentration
of acetaldehydes increases from 91 mg/L in the first
year to 257 mg/L in the fifth year.
The concentrations of fermentation components
(higher alcohols, esters and acetaldehyde) in Pro{ek are
within the expected limits for dry wines (16,26). How-
ever, Genovese et al. (2) reported about lower concen-
tration of basic fermentation components in sweet wines
similar to Pro{ek, produced from grapes with higher
sugar mass fraction (26 °Brix) and infected with Botrytis
cinerea, than that in dry wine made from the same grape
variety.
The influence of yeasts on the production of volatile
components
Analysis of variance (ANOVA) showed statistically
significant differences between the fermentations in these
volatile components: 1-propanol, 2-phenylethanol, ethyl
acetate, ethyl decanoate, ethyl octanoate and acetic acid,
while no significant differences were determined among
other volatile components.
In native fermentation, significantly lower concen-
tration of 1-propanol (p<0.05) was observed, compared
to the fermentations with EC-1118 and Cryoaromae, which
did not differ significantly between them either. Berto-
lini et al. (39) found significant differences in the concen-
tration of 2-phenylethanol produced in the fermentation
with inoculated yeasts, while in the study of Varela et al.
(18) the yeasts involved in the fermentation of Chardon-
nay wine did not influence its production. However, in
this research, significantly more 2-phenylethanol was de-
termined in the Pro{ek produced with native fermen-
tation.
The content of ethyl acetate was significantly higher
in the Pro{ek fermented with EC-1118 yeast, while other
fermentations did not differ significantly. In the fermen-
tation with EC-1118, there was also a significantly higher
content of acetic acid than in the other two fermenta-
tions.
A significantly higher concentration of ethyl decano-
ate was determined in the Pro{ek produced with native
fermentation, which is in agreement with the data of Va-
rela et al. (18), who observed a significantly higher pro-
duction of ethyl decanoate in the fermentation with
native yeasts. Also, a higher content of ethyl octanoate
was found in this Pro{ek.
Native yeast flora induces a significant and usually
favourable effect on wine flavour, which has recently
been demonstrated by Varela et. al. (18), but the risk of
stuck or sluggish fermentations is higher when this yeast
is used. The results of our study also demonstrate that
native fermentation produces higher concentrations of
some chemical components important for sensory impli-
cations and overall quality of Pro{ek. However, native
fermentation might give undesirable effects and uneven
quality of wine depending on the harvest season.
Although the population of yeasts was not studied
here, the identified aroma compounds (Table 2) clearly
show that Pro{ek wines produced with native and ino-
culated fermentations can be distinguished, both be-
tween the native fermentation and inoculation as well as
between the inoculations. This was also confirmed with
the PCA, which was done with the aim to establish the
relationship between volatile chemical variables and the
wine. Fig. 1 shows the relationship among the original
variables on the basis of which the latent components
PC1 and PC2 were obtained. These two components to-
gether comprise 61.9 % of the total chemical variability.
Distribution of wine samples (3 types of yeast´2 repe-
titions) in the coordinate system defined by two latent
components (PC1 and PC2) shows a clear distance be-
tween the wines produced with native and those pro-
duced with the induced (using Cryoaromae and EC-1118)
alcoholic fermentation (Fig. 2). The distance between two
repetitions of EC-1118 was relatively wider than expect-
ed, which suggests that more repetitions per fermen-
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tation treatment in microvinification are necessary. PCA
demonstrates that the Pro{ek wines produced with na-
tive and induced fermentations can be distinguished ac-
cording to their volatile chemical components.
Descriptive sensory analysis
Descriptive sensory analysis was used to describe six
wines with the aim to obtain sensory attributes of Pro-
{ek wine produced from Plavac mali cv. harvested in 2007.
There were 54 sensory descriptors taken from the Wine
Aroma Wheel (40), of which 11 (blackberry, raspberry,
strawberry, black currant, cherry, raisin, prune, straw-
berry jam, honey, chocolate and vanilla) were agreed to
define the aroma of Pro{ek. Olfactory properties of the
wine were also evaluated (fullness, acidity, sweetness,
bitterness and astringency).
Fig. 3 shows the sensory profile of the intensity of
the selected descriptors for the Pro{ek wines produced
with native and induced fermentations. The highest in-
tensity was that of the sensory attribute of fullness (Cryo-
aromae=8.2, EC-1118=7.6, and native=7.0), while the low-
est was that of bitterness (Cryoaromae=1.4, EC-1118=1.8,
and native=1.6).
Regarding aroma, dominating attributes were of dried
fruit (raisin, prune and strawberry jam), berries (black-
berry, raspberry, strawberry, black currant, and cherry)
and honey at almost equal intensities.
Significant difference (p<0.05) was determined for
only two sensory attributes (strawberry jam aroma and
fullness) between the wine produced with native and that
with induced alcoholic fermentation. Pro{ek fermented
with native yeasts had lower intensity of strawberry jam
aroma and fullness than the other two wines, which did
not differ significantly between themselves.
These results of sensory profile of Pro{ek wine from
Plavac mali cv. are comparable with those of similar types
of dessert wines from the Mediterranean area, which have
the sensory attributes of dried fruit (raisin), honey, cara-
mel and jam (5,2,41).
535I. BUDI]-LETO et al.: Sensory Analysis of Pro{ek from Plavac mali, Food Technol. Biotechnol. 48 (4) 530–537 (2010)
Projection of the variables on the factor-plane (1x2)
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Fig. 1. Projection of latent factors (PC1 and PC2) obtained by
reducing the 14 original variables: AA – acetaldehyde, Ac – ace-
tic acid, etac – ethyl acetate, etdec – ethyl decanoate, ethex –
ethyl hexanoate, etlac – ethyl lactate, etoct – ethyl octanoate,
hex – 1-hexanol, iam – i-amyl alcohol, iamac – i-amyl acetate,
ib – i-butanol, np – 1-propanol, phac – 2-phenylethyl acetate,
phet – 2-phenylethanol
Projection of the cases on the factor-plane (1x2)
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Fig. 2. Principal component analysis (PCA) of six Pro{ek wines produced with native and induced (using Cryoaromae and EC-1118)
alcoholic fermentations
Conclusion
Chemical and sensory characteristics of a traditional
Dalmatian dessert wine Pro{ek produced from partially
dried grapes of Plavac mali cv. were done because of the
significance of that cultivar for this region. There were
15 volatile components identified and quantitatively de-
termined. Significantly higher content of ethyl acetate
and acetic acid was determined in the Pro{ek fermented
with inoculated yeasts S. cerevisiae bayanus EC-1118, while
the Pro{ek produced with native fermentation had signi-
ficantly lower content of 2-propanol, but higher content
of 2-phenylethanol, ethyl decanoate and ethyl octanoate.
PCA showed clear distinction among the Pro{ek wines
produced with three different fermentations. Pro{ek made
from Plavac mali cv. is characterised by the aroma of dried
fruit (raisin, prune), red berries, jam, honey and vanilla.
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